Nuclear reaction rates are among the most important input for understanding the primordial nucleosynthesis and therefore for a quantitative description of the early Universe. An up-to-date compilation of direct cross sections of
Introduction
Over the last decades Big Bang Nucleosynthesis (BBN) has emerged as one of the pillars of the Big Bang model, together with the Hubble expansion and the Cosmic Microwave Background (CMB) radiation [Steigman 2007] . BBN probes the Universe to the earliest times, from a fraction of second to few minutes. It involves events that occurred at temperatures below 1 MeV, and naturally plays a key role in forging the connection between cosmology and nuclear physics [Olive, Steigman & Walker 2000 , Fields & Sarkar 2006 . Focusing only on the products of the BBN, according to the Standard Big Bang Nucleosynthesis model (SBBN), only the formation of light nuclei ( 2 H, 3,4 He, 7 Li) is predicted in observable quantities, starting from protons and neutrons. Today, with the only exception of 3 He and lithium, the abundances of these isotopes in the appropriate astrophysical environments are rather consistent with SBBN predictions [Israelian 2012] . A comparison between the primordial abundances from WMAP observations and the calculated ones constrains the baryon-to-photon ratio, η, which is the only free parameter in the presently accepted model of the SBBN. A recent observation yields η = 6.16 ± 0.15 × 10 −10 [Komatsu 2011], which is the value that we adopt in our calculations.
BBN nucleosynthesis requires several nuclear physics inputs and, among them, an important role is played by nuclear reaction rates. Due to the relatively small amount of key nuclear species involved in the BBN nuclear reaction network, only 12 reactions play a major role [Kolb & Turner 1990] . They are listed in Table 1 .
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7 Li (11) 7 Li(p,α) 4 He ( * ) (12) The reaction rates are calculated from the available low-energy cross sections for reactions which are also a fundamental information for a number of other still unsolved astrophysical problems, e.g. the so called "lithium depletion" either in the Sun or in other galactic stars [Weymann & Moore 1963 , Ezer & Cameron 1963 . Cross sections should be measured in the astrophysically relevant Gamow window [Iliadis 2007 , Bertulani 2013 , of the order of few hundreds keV. In the last decades these reactions have been widely studied and, in particular, great efforts have been devoted to their study by means of direct measurements at the relevant astrophysical energies, sometimes in underground laboratories [Bonetti et al. 1999 , Casella et al. 2002 or improved detection systems.
For these extreme low energy cross section measurements and in several physical cases, new phenomena, such as the electron screening effect can no longer be neglected. This can significantly alter the low-energy cross section in direct experiments [Assembaum et al. 1987] due to the partial screening of nuclear charges by atomic electron clouds. For applications to astrophysical plasmas one needs the "bare nucleus" cross section, σ b , especially because the screening in stellar conditions is much different from the one in laboratory.
Moreover, for many of the relevant reactions, no direct experiments exist at astrophysical energies (mostly because of difficulties connected with the presence of the Coulomb barrier in charged particle induced reactions) and the cross section within the Gamow window has to be extrapolated from higher energy measurements. Alternative and challenging ways to obtain σ b for chargedparticles at sub-Coulomb energies have been provided by indirect methods such as the Coulomb dissociation method [Baur et al. 1986 , Bertulani & Gade 2010 and the ANC (Asymptotic Normalization Coefficient) [Mukhamezhanov et al. 2008] . Among them, the Trojan-horse Method (THM) [Spitaleri et al. 1999 , Spitaleri et al. 2001 ] is particularly suited to investigate binary reactions induced at astrophysical energies by neutrons or charged particles by using appropriate three-body reactions. It allows one to avoid both Coulomb barrier suppression and electron screening effects, thus preventing the use of unreliable extrapolations.
An experimental program has been carried out during the last decade to apply the THM to study reactions of relevance for the SBBN (reactions marked in Table 1 with a ( * ) ). In the next sections, we will first discuss the available direct data for these 4 reactions in order to calculate their rate. In a subsequent section we will show the calculations of the reaction rates based also on the THM measurements of the cross sections σ b . The THM has been applied to several reactions in the past decade [Tumino et al. 2008 , La Cognata et al. 2007 , La Cognata et al. 2005 , La Cognata et al. 2011 , Sergi et al. 2010 , Lamia et al. 2007 , Lamia et al. 2012a , Romano et al. 2006 , Wen et al. 2008 , Pizzone et al. 2005b , Pizzone et al. 2009 ], at the energies relevant for astrophysics, which usually are far below the Coulomb barrier, of the order of MeV's. Many tests have been made to fully explore the potentiality of the method and extend as much as possible its applications: the target/projectile break-up invariance [Musumarra et al. 2001] , the spectator invariance [Tumino et al. 2006 , Pizzone et al. 2011 , Pizzone et al. 2013 ] and the possible use of virtual neutron beams [Tumino et al. 2005 , Gulino et al. 2010 . Such studies are necessary, as the Trojan Horse method has become one of the major tools for the investigation of reactions of astrophysical interest (for recent reviews see [Spitaleri et al. 2011] ). Thus, the method can be regarded as a powerful indirect technique to get information about bare nucleus cross section for reactions of astrophysical interest, which leads to new reaction rates determination.
S-factors and Reaction Rates
The energy dependence of the bare nucleus cross sections is usually expressed in terms of the equation
where S(E) is the astrophysical factor (or simply S-factor), η = Z i Z j e 2 /hv is the Sommerfeld parameter, with Z i the i-th nuclide charge, v the relative velocity of the ij-pair and E = µv 2 /2 is the relative energy of i + j. The S-factor has a relatively weak dependence on the energy E, except when it is close to a resonance, where it is strongly peaked. Using standard nuclear physics units we write 2πη = b/ √ E, where
and A is the reduced mass of i + j in amu. The thermonuclear reaction rate at temperature T is obtained from an average over the Maxwellian velocity distribution [Fowler, Caughlan & Zimmerman 1967] 
Figure 1: Experimental data for the S-factor obtained for the reaction 2 H(d,p) 3 H with direct methods (blue solid triangles) and with the Trojan Horse method (red solid circles) data taken from [Tumino et al. 2011 , Tumino et al. 2014 . The solid line is an R-matrix fit following described in section 2.1. The parameters for an equivalent polynomial fit are listed in Table 2 . The vertical dotted line marks the upper value of the energy range of interest for primordial nucleosynthesis.
where σ is the fusion cross section, v is the relative velocity of the ij-pair and N i is the number of nuclei of species i. The factor 1 + δ ij in the denominator of Eq. (3) corrects for the double-counting when i = j. We will express our reaction rates in the form N A σv (in units of cm 3 mol −1 s −1 ), where N A is the Avogadro number and σv involves the integral in Eq. (3) with the Maxwell distribution. For charged particles, a good accuracy (within 0.1%) is reached using the integration limits between max(0, E 0 −5∆E) and E 0 +5∆E, where in terms of T 9 (temperature in units of 10 9 K), the effective Gamow energy is given by
and the Gamow energy window by
MeV.
R-matrix fit
In contrast to polynomial fitting, the R-matrix method uses basic quantum mechanics as a guide for the data fitting and therefore is a preferable method. R-matrix fits are particularly useful in Figure 2 : Experimental data for the S-factor of the reaction 2 H(d,n) 3 He obtained with direct data (blue filled triangles) and with the Trojan Horse method (red filled circles) taken from [Tumino et al. 2011] . The solid line is an R-matrix fit to both direct and indirect data following the general lines described in section 2.1. The parameters for an equivalent polynomial fit are listed in Table 2 . The vertical dotted line marks the upper value of the energy range of interest for primordial nucleosynthesis.
the presence of resonances. The energy dependence of the cross sections arises from matching the solutions of the Schrödinger equation at a fixed distance from the origin (channel radius). Cross sections and phase shifts are then reproduced with a small number of parameters (depending on the channel radius a), allowing for an extrapolation of the cross section down to astrophysical energies. The channel radius divides the space into two regions: the internal region (with radius a), where nuclear forces are relevant, and the external region, where the interaction between the nuclei is governed by the Coulomb force. The R-matrix fits are usually weakly dependent on the channel radius. Matching at the channel radius leads to a number N of S-matrix poles characterized by energy E λ and reduced widthγ λ . The R-matrix at energy E is defined as
where the indices i and j refer to the reaction channels. These also involve total momenta J and parities π. The reduced widths are directly proportional to the square of the solutions of the Schrödinger equation for the internal region calculated at the channel radius a.
From the R-matrix one deduces the collision matrix with help of which one can calculate the process of astrophysical interest, namely, radiative capture, transfer, elastic scattering, and re-arrangement reactions. The R-matrix formula in Eq. (6) can be used to fit both resonant and non-resonant reactions. For a non-resonant case one uses a pole at large energies which simulates a background and yields an R-matrix almost independent of energy. A recent review of the R-matrix theory is found in Ref. [Descouvemont & Baye 2010] . In our fits we use the multilevel, multichannel R-matrix public code, AZURE [Azuma et al. 2010] . The code finds a best chi-square fit of the R-matrix parameters similar to Eq. (8).
For the 4 reactions marked with a (*) symbol in Table 1 we have performed a function fit to the R-matrix output, using direct and THM data (in the energy range where available, and using the direct data where not). The fit function was parametrized by a sum of polynomials and Breit-Wigner functions in the form
where n R is the number of resonances in the fit, E j (in MeV) are the resonance energies and Γ j (in MeV) are their widths. We applied the ordinary χ 2 statistics, defined by the minimization of
where S exp (E i ) are the S-factors at energies E i , σ i are the measured errors, and S f it given by Eq. (7). The fit function is then used in the calculation of the reaction rates using Eq. (3).
BBN with Trojan Horse Data
The reactions of interest for the SBBN cited in the introduction, i.e.
He, were studied by means of the THM in the energy range of interest and their measurements were performed in an experimental campaign which took place in the last decade [Pizzone et al. 2003 , La Cognata et al. 2007 , La Cognata et al. 2005 , La Cognata et al. 2011 , Sergi et al. 2010 , Lamia et al. 2007 , Lamia et al. 2012a , Romano et al. 2006 , Wen et al. 2008 , Pizzone et al. 2005b , Pizzone et al. 2009 ]. We will not go into the details of the THM because this is done elsewhere [Spitaleri et al. 2001 ] but we want to point out that the THM provides the bare S(E) factor, i.e., free of screening effects, for the reaction under investigation after studying an appropriate 3-body one in the quasi-free kinematical conditions. The basic idea of the THM is to extract the cross section in the low-energy region of a two-body reaction with significant astrophysical impact:
from a suitable three-body quasi-free (QF) reaction . The solid line is an R-matrix fit to both direct and indirect data following the general lines described in section 2.1. The parameters for an equivalent polynomial plus Breit-Wigner fit are listed in Table 3 . The vertical dotted line marks the upper value of the energy range of interest for primordial nucleosynthesis.
We therefore consider an interaction between the impinging nucleus and one of the clusters constituting the target (called participant x), while the residual nucleus, or spectator, does not participate in the reaction. In all the examined cases the extracted astrophysical S(E) factors were compared after the normalization procedure with those available from direct measurements and showed to be in fair agreement in the region where screening effects are negligible. The function fit parameters to the S(E) factors, obtained with Eq. (7) for the four reactions of relevance for BBN are listed in Tables 2 and 3 in units of MeV and barns. We will now review the available results for each reaction, taking into account the direct measurements available in literature as well as the new THM results mentioned above.
The d+d cross section has been extensively measured in laboratory for both the two mirror channels 2 H(d,p) 3 H and 2 H(d,n) 3 He. Considering only results with a center-of-mass energy of interest for our purpose (i.e. around 1 MeV), the direct choice of data has been done accurately, selecting the newest and most reliable data sets, taking into account the possible presence of systematic errors. For 2 H(d,p) 3 H we chose the ones reported in [Greife et al. 1995 , Krauss et al. 1987 , [Lamia et al. 2013] . The solid line is an R-matrix fit to both direct and indirect data following the general lines described in section 2.1. The parameters for an equivalent polynomial fit are listed in Table 3 . The vertical dotted line marks the upper value of the energy range of interest for primordial nucleosynthesis. McNeill et al. 1951 , Schulte et al. 1972 , Jarmie et al. 1990 , Ganeev et al. 1957 , Arnold et al. 1954 , Raiola et al. 2002 , Booth et al. 1956 , Davenport et al. 1953 , Von Engel et al. 1961 , Cook et al. 1953 , Moffat et al. 1952 , TieShan 2007 and the most recent result from [Leonard et al. 2006] . For the 2 H(d,p) 3 H the data set of Ref. [Greife et al. 1995 ] reaches down to a center-of-mass energy value of 1.62 keV, but this experiences a clear enhancement for very low energies because of the electron screening effect. Thus, in order to be used for astrophysical application, they need to be corrected for this effect. It is also noticeable that the energy range between 600 keV and 1 MeV is not covered by any data set, making it difficult to provide a reliable fit in the whole energy range.
The Trojan Horse experiment for this channel has been performed in two runs by measuring the three-body reaction 2 H( 3 He,pt)H. The data analysis, performed according to the THM prescriptions, allowed to measure the bare nucleus S-factor in the energy range from 2.6 keV up to 1.5 MeV, with a 5% error (a full review is given in [Tumino et al. 2011 , Tumino et al. 2014 ).
In Figure 1 we show the data for the S-factor for the reaction 2 H(d,p) 3 H obtained with the Trojan Horse method (blue filled circles) and by different direct measurements (red red circles). The solid line is an R-matrix fit to both direct and indirect data, as described in section 2.1. The parameters for an equivalent polynomial fit, using Eq. (7), are listed in Table 2.
2 H(d,n)
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The status of the art before the THM measurement of the 2 H(d,n) 3 He is very similar to its mirror channel. The most relevant data sets are missing in the range between 600 keV and 1 MeV and in addition no experimental points in absolute units are present below 6 keV. For this reaction we have used for our fit to direct data [Greife et al. 1995 , Krauss et al. 1987 , McNeill et al. 1951 , Schulte et al. 1972 , Jarmie et al. 1990 , Leonard et al. 2006 , Ganeev et al. 1957 , Arnold et al. 1954 , Raiola et al. 2002 , Booth et al. 1956 , Davidenko et al. 1957 , Hofstee et al. 2001 , Preston et al. 1954 , Belov et al. 1990 , Ying et al. 1973 , Bystritsky et al. 2010 . The bare nucleus S-factor has been obtained from the 2 H( 3 He,n 3 He)H by means of the THM [Tumino et al. 2011] , and shown in fig. 2 , with a 5% experimental error on the whole data set, from 2.6 keV up to 1.5 MeV. The data for the S-factor for the reaction 2 H(d,n) 3 He obtained with the Trojan Horse method (blue filled triangles) and by different direct measurements (red filled triangles) are shown in Figure 2 . The solid line is an R-matrix fit to the direct and THM data described in section 2.1. The parameters for an equivalent polynomial fit, using Eq. (7), are listed in Table 2 . 
3 He(d,p) 4 He
The bare-nucleus cross section for the 3 He(d,p) 4 He fusion reaction, at ultra-low energies, is of interest in pure and applied physics and was measured in the energy region of interest for astrophysics by means of several methods both indirect and direct [Aliotta et al. 2000 , Krauss et al. 1987 . For the 3 He(d,p) 4 He we used the direct data from [Engstler et al. 1988 , Krauss et al. 1987 , Bonner et al. 1952 , Zhicang et al. 1977 , Moeller et al. 1980 , Erramli et al. 2005 , Schroeder et al. 1989 , Aliotta et al. 1999 . The THM experiment was perfomed by measuring the 3 He( 6 Li,pα) 4 He reaction in quasi-free kinematics. The bare nucleus S(E)-factor was then extracted in the 0 − 1 MeV energy range and fitted following Eq. (7), as reported in [La Cognata et al. 2005] . The S-factor for the reaction 3 He(d,p) 4 He is shown in figure 3 with red solid circles for THM data and blue filled triangles for the direct measurements. The solid line is an R-matrix fit to the direct and THM data described in section 2.1. The parameters for an equivalent polynomial plus Breit-Wigner fit are listed in Table 3 .
7 Li(p,α) 4 He
Being the main channel of Li burning in astrophysical environments, this reaction is involved in the challenging scenarios of both stellar and primordial Li nucleosynthesis. In such case the discrepancy of about a factor of three between the predictions of SBBN and the Li abundances observed in halo stars represents the well-known and still open "lithium problem". A large number of possible explanations of this discrepancy have been proposed, from stellar phenomena, to non-standard Big Bang nucleosynthesis models. The 7 Li(p,α) 4 He reaction was extensively studied in the last 20 years both directly [Engstler et al. 1988 , Cruz et al. 2009 ] and indirectly [Lattuada et al. 2001 , Pizzone et al. 2003 , Lamia et al. 2013 , using the THM. For this reaction we used the data-sets from [Schroeder et al. 1989 , Mani et al. 1964 , Cassagnou et al. 1962 , Fiedler et al. 1967 , Spinka et al. 1971 , Rolfs et al. 1999 , Harmon 1989 , Engstler et al. 1992 , Ciric et al. 1976 , Spraker et al. 1999 , Lee 1969 , Cruz et al. 2009 ]. The most recent data-set for the S-factor for this reaction, obtained with the Trojan Horse method after d quasi-free breakup, are shown in Figure 4 [Lamia et al. 2012a ] as red filled circles while the direct ones are reported as blue filled triangles. The solid line is an R-matrix fit to both direct and indirect data following the general lines described in section 2.1. The parameters for an equivalent polynomial fit are listed in Table 3 . The R-matrix fit is then used to calculate the reaction rate following Eq. (3), as for the other examined cases. He reaction rates calculated using THM data to the one obtained from direct data fits (upper panel). The middle and lower panels are similar ratios using rates published in Smith, Kawano and Malaney [Smith et al. 1993 ] (lower panel). Right: In the left figure, ratio of rates calculated using THM (as discussed in the text) to the one obtained with a fit to the direct data (without TH) of the S-factors (upper panel). The middle and lower panels are similar ratios with rates published in NACRE [Angulo et al. 1999] 
Reaction rates with TH data
The reaction rates for the the four reactions mentioned above (from a compilation of direct and THM data, as reported in the sections above) have been carried out numerically introducing the Rmatrix results in Eq. (3). Thus, we fitted the rates with the parametrization displayed in Equation (11). This is the common procedure adopted in previous works (see, e.g., [Smith et al. 1993 , Cyburt 2004 , Coc et al. 2012 ). For the 4 reactions of interest, we have included the experimental errors from measurements, allowing us to evaluate the respective errors in the reaction rates. The numerical results are then fitted with the expression
which incorporates the relevant temperature dependence of the reaction rates during the BBN. The a i coefficients for the 2 H(d,p) 3 H and the 2 H(d,n) 3 He reactions are given for both THM and direct measurements as well as for the direct ones (see next section for details) in Table 4 , while the coefficients for the 3 He(d,p) 4 He and 7 Li(p,α) 4 He reaction rate expression are given in Table 5 . The direct data were considered for energies above 100 keV for 3 He(d,p) 4 He and 7 Li(p,α) 4 He and for energies above 10 keV for 2 H(d,p) 3 H and 2 H(d,n) 3 He, in order to avoid the enhancement due to the electron screening in the direct data. The ratio between the reaction rates obtained with the THM with those from other compilations are shown in Figures 5 and 6 . In these figures, the comparison is made with reaction rates calculated from our own fit to existing direct reaction capture data, from the NACRE compilation [Angulo et al. 1999] , from the Smith, Kawano and Malaney compilation [Smith et al. 1993] , and from the compilation by Cyburt [Cyburt 2004] . The error band is associated with the errors bars of the associated THM+direct S-factors (Figures 1-4) .
For all the cases we noticed that deviations of up to 20% are obtained from previous compi-lations. The reaction rate for 3 He(d,p) 4 He process was not published in the NACRE compilation and in this case, we use the reaction rate fit as published in Ref. [Smith et al. 1993] . Also, for the reaction 7 Li(p,α) 4 H a large discrepancy with the reaction rate by Cyburt [Cyburt 2004 ] was found at temperatures above T 9 ∼ 4.
Application to big bang nucleosynthesis
The SBBN is sensitive to certain parameters, including the baryon-to-photon ratio, the number of neutrino families, and the neutron decay lifetime. We use the values η = 6.16 × 10 −10 for the baryon-photon ratio, the number of neutrino families N ν = 3, and the neutron lifetime τ n = 878.5 s, respectively ( [Steigman 2007 ] and references therein). Our BBN abundances were calculated with a modified version of the standard BBN code derived from Refs. [Wagoner Fowler & Hoyle 1967 , Kawano 1988 , Kawano 1992 . Although BBN nucleosynthesis can involve reactions up to the CNO cycle [Coc et al. 2012 ], the most important reactions which can significantly affect the predictions of the abundances of the light elements are listed in Table 1 . The reaction rates involving Be, B, C, N and O isotopes were taken from Refs. [Wagoner 1969 , Caughlan & Fowler 1993 , Malaney & Fowler 1989 , Wiescher et al. 1989 , Thomas et al. 1993 . For the remaining reactions we have used the compilations by SKM [Smith et al. 1993] , NACRE [Angulo et al. 1999] [Descouvemont et al. 2004] (and references mentioned therein). The data for the n(p,γ)d reaction was taken from the on-line ENDF database [ENDF] -see also [Cyburt 2004 , Ando et al. 2006 .
In Figure 7 we show the results for the abundances (mass fraction Y p for 4 He) for 2 H, 3 He, 4 He, 6 Li and 7 Li as a function of time The uncertainties in the experimental nuclear data are reflected in the width of the predicted abundances. In Table 6 the first column is the result obtained with our own fit to the world data from direct measurements. The second column is the impact of replacing the direct data for the reaction 2 H(d,p) 3 H by those obtained with the reaction rate calculated in the present work. The subsequent columns are the same, but for the three other remaining measurements. The column labelled "all" uses all four reaction rates calculated in this paper. Finally, the last column lists the observed abundances. The uncertainties in the experimental data are reflected in the errors for the predicted abundances. As expected, the abundance of 4 He is barely affected by the new measurements. Also, some of the abundances are not affected by changes in reactions not directly related to the production or destruction of the element. Some appreciable changes in the abundances of d, 3 He and 7 Li are visible.
The mass fraction for 4 He, Y p = 0.2565 ± 0.006 (0.001 statistical and 0.005 systematic), was obtained from the observation of low-metallicity extragalactic HII regions [Izotov & Thuan 2010] . The mean deuterium abundance is (D/H) = (2.82 ± 0.26) × 10 −5 , which is equivalent to Ω b h 2 (BBN) = 0.0213 ± 0.0013 [O'Meara et al. 1999] . This average agrees within error bars with Ω b h 2 (CMB) = 0.02273 ± 0.00062 obtained from the analysis of WMAP5 [Dunkley et al. 2009 ] (see also Ref. [Steigman 2010 , Pettini et al. 2008 ). The 3 He abundance is adopted from Ref. [Bania et al. 2002] as a lower limit to the primordial abundance. The lithium abundance arises from observations of stars which provide a sample of the "lithium plateau" [Sbordone et al. 2010 ].
In Figure 7 it is reported the calculated abundance for 3,4 He, 2 H and 7 Li as a function of time and temperature for the BBN. The band represents the uncertainty derived from the measurements discussed above for each element. The present work gives an exhaustive and updated review of the rate reaction evaluation for some of the relevant reactions for nuclear astrophysics (arising both from direct and indirect methods). We can point out that the discrepancy calculated-to-observed for 3 He and 7 Li (see Table 6 ) is still evident, as seen in many other investigations [Steigman 2007]) and it seems to not be due to nuclear reaction rates uncertainties. The 3 He abundances are adopted from Ref. [Bania et al. 2002] as a lower limit to the primordial abundance. (d) The lithium abundance arises from observations of stars which provide a sample of the "lithium plateau" [Sbordone et al. 2010] . D/H is in units of 10 −5 , 3 He/H in 10 −6 and Li/H in 10 −10 . 
Discussion and Conclusion
The reaction rates of 4 of the main reactions of the BBN network in the temperature range (0.001<T 9 <10), namely, 2 H(d,p) 3 H, d(d,n) 3 He, 3 He(d,p) 4 , 7 Li(p,α) 4 He, have been calculated numerically including the recent THM measurements. The uncertainties of experimental data for direct and THM data have been fully included. The extension of the same methodology to the other reactions forming the BBN reaction network will be examined in a forthcoming paper. The parameters of each reaction rates as given in Eq. 11 are reported in Tables 4 and 5 . The obtained reaction rates are compared with the some of the most commonly used compilations found in the literature. An updated compilation of direct data for the 2 H(d,p) 3 H, d(d,n) 3 He, 3 He(d,p)α, 7 Li(p,α) 4 He reactions has also been made, and relative expressions for the reaction rate are also given. The reaction rates calculated in the present work are used to calculate the BBN abundance for 3,4 He, D and 7 Li. The obtained abundances are in agreement, within the experimental errors, with those obtained using the compilation of direct reaction rates. Moreover, a comparison of our predictions with the observations for primordial abundance of 3,4 He, D and 7 Li show an agreement for 3,4 He and D, while showing a relevant discrepancy for 7 Li. The present results show the power of THM as a tool for exploring charged particle induced reactions at the energies typical of BBN.
From Table 6 we can see that the primordial abundances calculated using the present reaction rates, agree within the uncertainties with the predictions arising from direct data. The comparison between predicted values and observations clearly confirms the discrepancy for 7 Li abundance which is still under debate.
